.

R.12-03-012: 2012 LTPP
Operating Flexibility Analysis

Nathaniel Skinner
Senior Analyst, Generation & Transmission Planning

California Public Utilities Commission

June 4, 2012



e \Webex

e Phone

Remote Access

https://van.webex.com/van/|.php?ED=1837
709978&UI1D=491292852& PW=NM2FmMOG

YXNTUx&RT=MIMO

Meeting Number: 743 103 614
Meeting Password: energy

Call in #: Passcode:
866-687-1675 3481442

Note: *6 to mute/unmute



Agenda

Introduction, Schedule Overview
Expectations, LTPP / RA Interaction
Status of studies: Past efforts (2010 LTPP) models and methods

Lunch

Status of studies: Current/future efforts (2012 LTPP) models and methods
Break

2:45-3:15 Modeling resources: Inside & outside of the CAISO system
3:15-3:45 Overview of additional assumptions/metrics needed for studying operational flexibility

3:45-4:00 Wrap-up/Next steps




Meeting Purpose

 Familiarize parties with the studies
conducted In the 2010 LTPP

* Begin informing parties about current and
future studies

* Begin assessing what additional
assumptions and metrics beyond those
identified In the planning standards are
needed for modeling
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Meeting Purpose (cont)

e WWhat do we want to call these studies?

— Issues are broader than renewable integration
(includes load variability)

— Broader than variability studies (includes
forecast uncertainty)




I, =
Study Schedule

¢ 6/4: Meeting #1
 Mid/late August: Meeting #2
 Mid September: Meeting #3
« Additional schedule TBD

e Schedule for incorporating information into
the record will be established in a future
ruling
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Other Anticipated Schedule

e Track | (Local Area Reliability)
—5/23: CAISO testimony on LCR
— 6/25: Other parties’ testimony on LCR
—7/9:  Second Prehearing Conference
— 7/23. Reply testimony (all parties)

—8/7-10 & 8/13-17: Evidentiary Hearings
 If needed
 Some subset of days may be selected

— Nov-Dec: Proposed Decision issued

7




2012

Straw Proposal

V!

Workshop

PLANNING
STANDARDS (6/21)

Local Area Needs Determination / Authorization
Based on 2011/12 CAISO TPP

e

Op Flex Meeting 2

\
Op Flex Meeting #

] 2013
Proposed Scenarios (8/1) Modeling
v N
Workshop Need Determination
P "
Comments Meeting Needs
vV )2
SCENARIOS AUTHORIZATION
System Needs
\Y
\ Bundled Rules / Plans
CAISO 2013/14 TPP
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Expéctations

« Highly technical studies, parties will need
to allocate their resources as they best
see fit

* Collaborative process to advance studies

 Any recommended methods or data
source changes need to be documented,
justified, and cited for consideration




1 -
LTPP/RA Interaction

 Work Is undergoing to assess interaction
between RA (procurement) and LTPP
(planning & resource development)

 Need for clear definitions and procedural
location to meet both proceedings’ needs
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Past Efforts
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Study process guantifies operational requirements
and evaluates fleets ability to meet operating
requirements.

AN
N/ Tt
~ )
"““ N
ey :
AW Variable Flexibility
erewable Resource Requirements Shortages
- Wind / Solar .
Portfolios and Load (Regulation, Infrastructure
Balancing) Needs
Profiles

Costs, Emissions
Import/Export
Capacity Factor

& California 15O Slicgida 14




To be prepared for increased supply variabllity ...
fleet flexibility requirements must be understood

MW

T Wl -
& California ISO

Generation

Hour Ahead Schedule Requirement

And Load Following

Hour Ahead - /Begulaﬂon
Adjustment

Load Following

Day Ahead| | Hour Ahead
Schedule | | Schedule

L I I I I 1 ‘IW-I I I 1 I ‘J
Operating Hour
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Conventional resources will be dispatched to the
net load demand curve

Load, Wind, Solar Profiles

45,000 Aprll 2020 14,000
42,000 Significant flexibility and ramping needs

/\\ - 12,000
39,000

— 36,000 - 10,000
=
< 33,000 _
< =
— 30,000 >3
2 3
& 27,000 - A
= 3
3 24,000 2
=
21,000
- 2,000
18,000
15,000 -0
o o o o o o o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o o
S «@ AN M < I © N © &6 6 A4 AN &M g ;b N o 6o 606 4 N o
— — — — — — — — — — N N N N
= | pad e NetlLoad = Wind Solar

% Co|if?rniq I§O Slide 16

Shaping a Renewe




N O O O O Y Y O O
AEEEEEEEEEEEEEEEEEEE NN E NN EEEEE AEEEEEEEEEEEEEEEEEEEEEEEEN
EEEEEEEEEN ENEEEEEEEEEEEEEEEn

T EEEEE

33% scenarios in 2020 cover range renewable and
load conditions.

Case Title

&> California ISO Slide 17




Generic resources are added to meet upward ancillary
services and load following requirements in the two cases.

Generic Capacity Needed to Meet Upward AS and
Load Following Requirements

5,000
4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000

500

Capacity (MW)

Trajectory  Environment Cost Time All-Gas High-Load
Constrained  Constrained  Constrained

Case

& California ISO Slide 18



There Is a total of 55 hours of shortage observed in July 2020
High-Load Case

Upward AS/LF Shortage Histogram
High-Load Case, July 2020

16

14 -

12 -

> 10 -
| =

S 8-
o
L]

L 6 -

4 -

2 -

0 =

250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500
Shortage (MW)
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Out of approximately 3,500 MW downward balancing requirements,
some hours of potential shortages were observed.

Downward balancing shortage

Shortage (MW)

No No
shortages shortages
observed observed

Trajectory  Environment Cost Time High-load
constrained  constrained constrained

Note: Downward balancing may be more effectively and efficiently
managed using curtailment or storage rather than less economic dispatch
of flexible resources to higher level to maintain downward flexibility

& Clifornia ISO Slide 20



Large gquantity of net export observed in the cases
need to be reviewed.

Histogram of CA Net Import in Trajectory Case
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Annual production costs associated with California load
(accounting for import/exports), by case

Production Cost to Meet CA Load

8,500,000

8,000,000

7,500,000

7,000,000

Cost ($000)

6,500,000
6,000,000
Trajector Environ Cost Time All-Gas High-
y ment Load
B Non-Dedicated Import | 206,096 190,467 292,175 346,793 722,367 327,348
[ Dedicated Import 285,028 282,620 305,414 312,970 350,287 306,667
B CA Generation 6,787,502 | 6,691,967 | 6,705,361 | 6,785,267 | 7,300,579 | 7,432,088

Note: Production cost associated with non-dedicated import is calculated based on the average cost
($/MWh) of each of the regions the energy is imported from; for dedicated import it is based on the
actual production cost of each of the dedicated resource and its energy flows into CA

9 Colif?rniq ISO ISO 33% RPS Study of Operational Requirements and Market Impacts Slide 22

Shaping a Renewe



Additional sensitivity and analysis performed since
July 2011

PRM Analysis Deep Dive analysis of PRM
Step 1 Sensitivity

5 minute simulation

Regional modeling and coordination
Incorporate Local Capacity Requirements
Frequency Response

2018 risk of retirement

N o O R wbdPE

% Co|if§)hurpjgew|§9 Slide 23
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CAISO Deep Dive Analysis

Shucheng Liu




What We Have Learned

o “Deep-dive” analysis showed us that PLEXOS results
were being influenced by factors not strictly related to
renewable integration needs:

— Load levels

— Import availability

— Hydro production

— Renewable production during critical hours

 These factors have traditionally been analyzed using
techniques other than production simulation

— Reliability analysis focused on loss of load

“2 CO[iFﬁr.pjgeLSQ Slide 25



“Deep-Dive” Analysis of All-Gas Case

* Previous analysis showed need in All-Gas Case, despite
seemingly high reserve margins

 Deep-dive analysis revealed two key factors:

1. Reserve margin was overstated -- effective PRM for the All-Gas
Case is 21%, not 41%

» Key differences are operating limits on imports, simulated
hydro production vs. NQC values

2. Need in All-Gas Case driven largely by Regulation Up and
Load Following Up requirements

» Accounts for remaining 4% increase above the 17% PRM

{% California 1SO Sligliae 26



Deep dive analysis: 15-17% Planning Reserve Margin
(PRM) Case Analysis

 Review of “All-Gas” indicates actual planning reserve
margin is 21%
* Results are sensitive to load, imports, hydro and outages

« A portion of needs above traditional PRM attributable to
load following requirements

Q, California 1SO Slide 27



Comparison of California Load and Resource Balance
(July 22, 2020)

80,000
Environment Case All-Gas Case
70,000 /—— *\ /7 \
/ N B / B Load Following-Up
60,000 - Upward AS
s Import
ST
30,000 - s Renewable
I Pumped Storage
; 40,000 - [ oil
2
I Nuclear
s Hydro
30,000 -
—GT
I DR
20,000 - . CHP
. CCeT
10,000 -
w | oad + AS
e | oad + AS+ LFU
0 ™~
13 14 15 16 17 13 14 15 16 17
Hour Hour
‘3 Ca|if?rnia ISO Slide 28
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Update to the Deep-Dive Analysis — E3

Arne Olson, Partner




Energy+Environmental Economics

Lessons Learned from
CAISQO’s 2011 Analysis

CPUC Workshop

June 4, 2012

Arne Olson, E3




°o e 8 BN

Framework of CAISO Integratio

o 0 & 88

LLEWAES

T e e 8

+ The "Vintage” (2009) cases from the CAISO Integration
Analysis were built to the 15-17% PRM before being simulated
in PLEXOS to determine integration need

e All need for new capacity above PRM was described as “integration need”—
need above a threshold that has served as an adequate margin in traditional
capacity planning

+ CAISO’s 2011 Integration Analysis relaxed the assumption that
the simulated system was built exactly to meet PRM

e Instead, the CPUC cases modeled a large capacity surplus due to high
achievements of EE, CHP, CSI and the 33% RPS

e Results were counterintuitive: 1,400 MW of need in All-Gas Case, 0 MW of
need in Trajectory Case

+ This section provides context for these results:

e What are the main drivers of need in the CPUC cases?

e Why is there “integration need” in the All-Gas case?

Energy+Environmental Economics



+ This analysis focuses on “constrained hours”: the 50
hours of the year in which the system’s use of flexible
resources is the highest, as identified in PLEXOS

e Top 50 hours vary by scenario
o C(Classifies resources as they are used, not based on availability

e Analysis is based on CAISO “cost” runs instead of “"need” runs
because data was readily available

Flexibility Requirement Flexibility Requirement Based
Based on Demand Side Need on Supply Side Resources

Load Generation by flexible resources

- Baseload & RPS generation Imports

+ + +

Upward A/S requirements Upward A/S provision

Load following up requirement Load following up provision

System Flexibility Requirement System Flexibility Requirement

32
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CAISO Resource Utilization In

Constrained Hours

High solar penetration
pushes constraints to
hours w/ lower loads

60 .V v
S 53.5 52.1 55.0 54.4 54.6
o)) R 1
c U] 50 _ R
l: v
3 P
o g 40 Low RPS
8 T generation
= 30 - results in
S 8 more
2 c 20 - €— utilization
(8] E of flexible
g b resources
0 10 - € to serve
Q c load
o
O 0 -
Traj Env All Gas
Total 53,518 52,088 54,560
= Reg Up 690 668 619
® NonSpin 1,426 1,397 1,444
Spin 1,426 1,397 1,444
mLFU 2,042 1,941 1,616
m Imports 8,979 8,065 9,626
B Flex Gen 22,168 21,235 25,816
= RPS Gen 7,782 8,339 4,982
m Baseload Gen 9,004 9,045 9,012
33
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CAISO Flexible Resource

Utilization in Constrained Hour

e &

o 50 -
S~
S ®40 - 36.7 37.6 37.7
P 34.7
)]
g i Largest
>~ g 30 - difference
= T between cases
'O o] is the amount of
] ) flexible capacity
% c 20 - use to serve
O'm load—not the
o = change in A/S
3 2 10 - requirements
l; °
00
TH 0 -
Traj Env Cost Time All Gas
Total 36,731 34,704 37,622 37,708 40,565
Reg Up 690 668 637 653 619
E NonSpin 1,426 1,397 1,461 1,445 1,444
Spin 1,426 1,397 1,461 1,445 1,444
mLFU 2,042 1,941 1,948 1,931 1,616
® Imports 8,979 8,065 8,759 8,978 9,626
EFlex Gen 22,168 21,235 23,356 23,255 25,816

34
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Breakdown of Differences -

Environmental vs. All-Gas

Environme| All-Gas

ntal Case Case Difference

Component

High solar penetration
pushes constrained hours

Load 46,685 S 2,752 < off the peak period in the
environmental case
- Baseload Generation 9,045 9,012 (33)

Low RPS penetration in the

RPS Generation 8339 4982  (3,356) muich tece RPS generation

during constraints

AN\

+ Contingency Reserves 2,794 2,888 94
Regulation and load
+ Regulation Up 668 619 (49) following requirements are
slightly higher in the
> Environmental case, driven
+ Load Following Up 1,941 1,616 (325) by the higher penetration
of intermittent resources
= Flexibility Requirement 34,704 40,565 5,861

Table shows average requirements and resource performance over the top
50 constrained hours

35
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The resulting need in the All-Gas
case is better described as
“'system need”

e The primary distinction between the All-
Gas case and the other four is its net
load—not its ancillary services
requirements

The variations in net load are
substantially larger than the
variations in ancillary services
requirements—which suggests
that two questions are key to
forward-looking capacity
planning:

1. How high are loads expected to be?

2. How much renewable generation can be
counted on to offset peak loads?

Both of these questions lend
themselves to more robust
analysis through a probabilistic,
LOLP-type analysis

Energy+Environmental Economics

i

Summary of Flexible Resource Use during
Constrained Hours

Net Load’ Total A/S
IMW] Requirement?
[MW]

Trajectory 31,146 5,585
Environmental 29,301 5,403
Cost 32,115 5,506
Time 32,233 5,475
All Gas 35,442 5,123

1 Sum of CAISO flexible generation and imports
2 Sum of load following up, regulation up, and spinning &
non-spinning reserves

36



@ Lessons Learned

+ Need in PLEXOS-based methodology is sensitive to many
factors besides variable energy resource (VER)
integration requirements

e Load All of these factors

are bigger drivers of
e Imports

need than flexibility
requirements

e Hydro production levels

e Renewable resource production during critical hours

+ These factors are traditionally addressed through a
different type of analysis

e Reliability analysis focused on the potential for loss of load

+ Need to calibrate California’s fleet based on these other
factors before evaluating whether it has enough
flexibility to accommodate VER

Energy+Environmental Economics
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Step 1 Sensitivity

 Purpose:

— Review and improve representation of variability and forecast
error parameters for load/wind/solar being used in the study

e Scope:
— To estimate Step 1 requirements for sue in Plexos simulations
or stochastic simulations
o Study Approach:

— Bracket range of forecast errors for wind and solar (PV and
CST) based on past forecast experience and reasonable
achievable forecast improvements

— Where there is little or no forecast experience (PV and CST)
use a range based on other studies or industry knowledge of
forecast errors

— Develop a range of forecast errors and corresponding Step 1
Inputs to use in Plexos and in stochastic simulations

— Refinement of forecast error for solar thermal should be
incorporated

“} Co[ifgrlpjgm!gg Slide 39



What wind forecast errors should we use in our
studies?

Current Errors 4.0% 3.8% 3.2% 3.1%
used in Studies
2010 PIRP HA PIRP All 10.5% 8.9% 8.4% 6.7%

Forecast Errors

Future Studies

Upper Limit PIRP All 8.4% 7.1% 5.3% 3.9%
Persistent (T-1)
Lower Limit PIRP All 2.9% 2.3% 1.8% 1.4%

Persistent (T-30)

 T-1 for the Trajectory case would be used for the Step 1 analysis
* PIRP T-1 and T-30 forecast errors would be used as the upper and lower bounds to
bookend load-following and regulation requirements

@ Colncornlc: ISO Slide 40
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Current solar HA forecast errors used in Step 1

studies

Technology 0<=CL<0.2 | .2<=CL<0.5 | .5<=CL<0.8 [ .8<=CL<1.0

Large PV

Large solar
Thermal

Distributed PV

Customer Side
PV

g Colncornla ISO

T-1

T-1

Hours
12-16

Hours
12-16

Hours
12-16

Hours
12-16

3.5%

6.0%

2.2%

1.6%

6.9% 5.6% 2.3%

10.9% 10.8% 3.0%

4.7% 3.9% 1.8%
3.3% 3.1% 1.6%
Slide 41



Proposed solar HA forecast errors upper and lower
bounds by technology for Step 1 studies

Technology Persistent Hours 0<=CI<0.2 0.2<=CI<0.5 0.5<=C 1<0.8 0.8<=CI<=1
Large PV (PV) Upper
Limit (T-1) + 20% | 12-16 4.20% 8.28% 6.72% 2.76%
Large PV (PV) Lower
Limit (T-1) - 20% | 12-16 2.80% 5.52% 4.48% 1.84%
Large Solar Thermal (ST)
Upper Limit (T-1) + 20% | 12-16 7.20% 13.08% 12.96% 3.60%
Large Solar Thermal (ST)
Lower Limit (T-1)-20% | 12-16 4.80% 8.72% 8.64% 2.40%
Distribute PV (DG) Upper
Limit (T-1) + 20% | 12-16 2.64% 5.64% 4.68% 2.16%
Distribute PV (DG) Lower
Limit (T-1)-20% | 12-16 1.76% 3.76% 3.12% 1.44%
Customer Side PV (CPV)
Upper Limit (T-1) + 20% | 12-16 1.92% 3.96% 3.72% 1.92%
Customer Side PV (CPV)
Lower Limit (T-1)-20% | 12-16 1.28% 2.64% 2.48% 1.28%
& California ISO Slide 42



Current and proposed Load HA forecast errors for
Step 1 studies

Load Hours Spring Summer Fall Winter
MW MW MW MW

Current HA Forecast Errors
used in Studies (2010 Actual)

RT Forecast Errors (2010 All 216 288 277 231
Actual)

High Load Forecast Errors All 611 700 602 764
Current HA Forecast Errors All 517 1002 662 622

used in Studies (2011)

RT Forecast Errors (2011) All 243 264 290 255

e 2010 HA and RT forecast errors used for all scenarios

* High Load HA Forecast Errors used for the High Load Case

@ Colncornla ISO Slide 43



Difference between actual wind production and
HASP schedules --- 2011

Difference Between Actual Wind Production and
HASP Schedules --- 2011

Actual Production - HASP (MW)

0 1000 2000 3000 4000 5000 6000 7000 8000

Hours

e California ISO Green lines represents +3 o (mean absolute error of 4%) Slidgadha




Load-following difference between monthly maximum
and hourly values for July 20

LF_up Comparison L+W+S (Monthly Max vs. Hourly valu  esfor 7/20)
900

800

700

600

500

Mw

400

300

200

AHINI il il

10 12 | 13 24
MLF_up|382|438 (818 (325|109 (202|342 607 |588| 97 |336| 97 | 77 | 487|390 | 155|693 |538 (596 (298| 50 (191 (180| O
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What data should be passed from Step 1 to Step 2

Average hourly load values are used in production simulation for all 8760 hours
including the peak hour (Preferred)

* Regulation values passed to Step 2

— Pass on the maximum (95 percentile) hourly values as is currently done
for all hours

 Load Following values passed to Step 2
— Needs Requirement

» Pass on hourly load-following values (95 percentile) from Step 1 for
all hours

— Cost Requirements

» Pass on hourly load-following values (95 percentile) from Step 1 for

all hours The 95 percentile values are truncated from the seasonal
values because of the larger sample size

‘é% C0|if§arlpjgew|§9 Slide 46
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5-minute Production Simulation

e Purpose

— To validate findings from hourly production simulations
e Scope

— Based on 2020 High-Load case

— Selected days with upward ramping capacity shortage

« Schedule

— Complete simulation in November, 2011

% COIiF?MEQJSMLSFQ Slide 48



5-minute Production Simulation - Ramping Constraints

e 10-min upward AS constraint
AS <10x RampRate
e 20-min upward AS and LF constraint
AS +LFU, <20x RampRate
« Total ramping capacity constraint

12xE, + AS + LFU, < 60x RampRate
E —5-minenergy dispatch AS - upward ancillary servicecontribution LFU, —load following up contribution

G COIiF?MergEVLSFQ Slide 49



5-minute Production Simulation — Summary of Results

e Load profiles
— There is a small difference between the 5-min load profile and
hourly load profile as the two came from different sources.
» Load following-up requirements
— 5-min requirement is lower than hourly as it considers forecast
errors only
e 20-min ramping capacity shortage
— 20-min ramping capacity shortage exists in all 5-min intervals in
the three hours simulated

— Interval 8 of HE 16 has highest shortage in 5-min simulation due
to large increase in load following-up requirement and ramping
constraints

‘;% COIiFﬁr.pjgeLSQ Slide 50



5-minute Production Simulation — Comparison of Load

Profiles

Load (MW)

70,500

70,000

69,500

69,000

68,500

68,000

Comparison of California Total Load

V/ﬁ’ﬂ L

7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
5-min Interval, Hour 14-16,07/22/2020

e HoUrly RUN === 5-min Run

B iferni
& California ISO
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5-minute Production Simulation - Comparison of Load
Following-Up Requirements

Comparison of California Load Following Up Requirements
2,500

2,400
2,300
2,200
2,100

2,000 Il\
1,900 /A\_-/ \, I
I

1,800
1,700 I / \ | A

Requirement (MW)

1,600
1,500 I

1400 —¥—F7T 7T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
T 3 S5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35

5-min Interval, Hour 14-16,07/22/2020

e HoUrly RUN === 5-min Run
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5-minute Production Simulation - Comparison of 20-
min Ramping Capacity Shortages

Comparison of California 20-min Ramping Capacity Shortage

3,300

3,100

2,900 I\

2,700 /“ \
§ 2,500 T~ -~ \ /\ "\
2 / / |
& 2,300
£
S 2,100 /
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1,900 /"' e

[~
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1 3 S5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
5-min Interval, Hour 14-16,07/22/2020
e Hourly RUn  ==5-min Run
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Regional modeling and coordination

e Purpose

The renewable integrations studies to date have assumed existing inter
balancing authority area operations:

— Intertie scheduling is predominantly hourly schedules
* 40% of renewable imports

— Dynamic transfer will accommodate some transfers:
« Existing dynamic scheduled resources
* 15% of renewable imports

— Intra-hour schedule (15 minute scheduling)
* 15% of renewable imports

— Ancillary services provided by existing resources specific system
imports.

The renewable integrations studies to date have also assumed:

— Outside of CA, BAAs have no contingency, regulation, or load following
requirements
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Regional modeling and coordination changes: WECC
reserve requirements modeled

 Modeled reserve requirement in the WECC
— spinning reserve requirement = 3% of regional load
— non-spinning reserve requirements = 3% of regional load
— regulation = 1% of regional load
— Load following will be based on EIM study assumption

« Defined resources in WECC to provide reserves

— CCs, CTs and dispatchable (above minimum) hydro; exclude
baseload

— Coal

 Represented Large Coal as more flexible
— Jointly owned resources: Pmin = 70% of Pmax
— Other large coal: Pmin=50% of Pmax
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Regional modeling and coordination: CO2 Adder
representation

e CA
— CO2 adder in CA remained $36.60/Ston

« WECC (except CAand BPA)

— Replace adder with hurdle rate
— Hurdle rate = 0.435 MTons/Mwh * 36.3 $/STon * 1.102
(Ston/Mton) = $17.4 /IMwh
e BPA
— 20% x $17.4/Mwh = $3.48/Mwh

— Refer to ARB rules
http://www.arb.ca.gov/regact/2010/ghg2010/ghqgisoratta.pdf
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Regional modeling changes to GHG and coal flexibility
modeling results in reduction in net exports

Before: Net Export 1,062 hours After: Net Export 99 hours
Maximum export=6,478MW Maximum export = 4,815MW

Histogram of CAISO Net Export without CO2 Import Wheeling Charge Histogram of CAISO Net Export with CO2 Import Wheeling Charge
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Study Group 5: Changes to GHG and coal flexibility
modeling observed increase capacity factor of external
Coal resources.

WECC Coal Capacity Factor (July 2020)
100

90

80

70

60

50

40

Capacity Factor (%)

30

20

10

High Load (Original) High Load (with CO2 changes, flexible coal and
WECC A/S reserves)
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Incorporate Local Capacity
Requirement




Approximately 1,200MW of residual need observed
after incorporating LCR resources.

e Total 3,173 MW Local Capacity Requirement (LCR)
resources

e Acombination of CCGT and GT
— 1,800 MW GT in SCE region
— 1,000 MW CCGT in SCE regulation
— 373 MW CCGT in SDG&E region

e Four hours in July 2020 with shortage observed

« Amaximum 1,051 MW 20-minute ramping capacity
shortage

« Equivalent to about 1,200 MW residual need for capacity
& California ISO Slide 61



High-Load Trajectory case LCR resources monthly
average capacity factors in production cost-run.

CCGT - CAAverage 42.2% 37.9% 34.6% 29.1% 30.3% 37.4% 61.9% 62.8% 52.9% 46.1% 40.4% 43.4%
GT — CA Average 6.5% 7.1% 53% 54% 54% 54% 98% T79% 43% 44% 54% 59%
SCE LCR CCGT 78.8% 79.2% 79.4% 78.4% 78.1% 77.6% 83.0% 83.7% 81.2% 80.6% 79.7% 79.6%
SCE LCR LMS100 10.2% 13.5% 12.0% 10.4% 10.6% 16.2% 21.3% 19.8% 8.2% 10.3% 8.4% 10.5%

SDGE LCR CCGT 79.1% 79.6% 78.5% 79.8% 78.4% 78.8% 83.2% 84.3% 80.8% 80.4% 79.6% 79.9%
Note: Emissions limitations not modeled.

» SCE LCR CCGT -2 x 500 MW CCGT units, each unit has Pmin = 200 MW,
ramp rate = 7.5 MW per minute

» SCE LCR LMS100 — 18 x 100 MW GT units, each unit has Pmin = 50 MW, ramp
rate = 12 MW per minute

» SDGE LCR CCGT -1 x 373 MW CCGT unit with Pmin = 200 MW, ramp rate =
7.5 MW per minute
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Frequency Response

Clyde Loutan — Senior Advisor, CAISO




Summary of operational impacts to manage a grid
that is more complex

= Increased frequency and magnitude of operational
ramps across various time-frames

= Increased frequency and magnitude of
over-generation conditions

= |Increased intra-hour load-following up and down
requirements ... need for additional reserves? ...or a new product?

= Increased requirements for regulation Up/Down

= |mpact of DER and non-traditional resources on the transmission grid
Is still not fully understood ]

= Lack of common standards and clarity of | %%
existing standards

= Concerns of arresting frequency
post contingency

= |nadequate tools to assess the system 59.90 | N |
In real-time S & a5 e
Seconds
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Impacts of Renewable Resources on Frequency
Control

Seconds .
E— inertia
Governor Response

Minutes

Regulation

Minutes

- messsssmmmm) Economic Dispatch
Hours
- ) Beep Stack

Spinning Reserve ———— Contingency
Non-Spinning Reserve M ————— - Reserve

Other Reserve
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The assessment of a balancing authority control
performance is based on three components

e CPS1 - measures the control performance of a BA's by comparing how
well its ACE performs in conjunction with the frequency error of the
Interconnection

e CPS2 - is a 10-minute statistical measure of a BA's ACE magnitude and is
designed to limit unscheduled power flow (currently being waived due to
BAAL field trial)

« DCS - is the responsibility of the BA following a disturbance to recover its
ACE to zero if its ACE just prior to the disturbance was greater than zero or
to its pre-disturbance level if ACE was less than zero - within 15 minutes

Control Performance Rating
Pass is when CPS1 = 100%; CPS2 = 90% & DCS = 100%

& California ISO Slide e



Real-time operators focuses on several key
attributes to ensure reliability

« Balancing Authority ACE Limit (BAAL)
» Load Following/Flexibility

» BAAL limits cannot be exceeded for more than 30-minutes
» BAAL allows a large ACE if frequency is close to 60 Hz

* Hourly Inadvertent Energy
» Tracked on-peak and off-peak

» Impacts neighboring BAs

* Frequency Control
» Maintaining resource/load balance (Regulation)

» ACE and AFrequency (CPS1)

 Ability of the System to ride through faults withou t shedding load
» Inertia/Frequency Response (NERC standard under development)

» CPS2 would be replaced with a frequency response obligation

& California ISO Slide %7



The ability of the system to ride through faults without
shedding any load depends on several factors

« System conditions before the fault
» Size of the outage

* Inertia of the system

— Lower system inertia due to increased renewable penetration
iIncreases the frequency dip immediately following disturbances

« Headroom available on synchronized resources

 Number and speed of governors providing frequency response

 GE/ISO study
— Practical headroom for resources within the 1SO is ~3,100 MW
— Headroom includes spinning reserve
— Headroom does not include upward regulation capacity

— Headroom does not include Load Following/Flexibility up
requirement

& California ISO Slides%s



Balancing authority ACE limit (BAAL)

Balancing Authority ACE Limit RADAR

Number of BAAL Exceedances
in last 30 minutes = 0

BAAL shallnot be ekceeded for more
than 30 consecutivg clock-minutes

BAAL

* BAAL is designed to
replace CPS2

 Control opposes
frequency deviation

* BAAL relaxes area
regulation needs

» ACE is allowed to be
outside BAAL for up to
30 minutes

BAAL shallnot be pxceeded for
more;than 30 congecutive clock-
minutes

Time 14:55 14:56 14:57 1458 14:59 1500 15:01 15:02 15:03 15:03:44

Consecutive Minutes Exceeding Limit(s) 0 O O O O (_3)
14:35 14:36 14:37 14:38 14:39 14:40 14:41 14:42 14:43 14:44 14:45 14:46 14:47 14:48 14:49 14:50 1451 14:52 14:53 14:54

0 0 0 0 0 0 0 0 0 0 0 0 0

9 California ISO
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Control performance standards (CPS1 & CPS2)

Control Performance Standard Scores
January 2009 through April 2012

Began operating to BAAL

(S s
N N e
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Pass is when CPS1 = 100% and CPS2 = 90%
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NERC proposed frequency response obligation

| Easten | Wesem | ERCOT | HO |
60 60 60 Hz

Starting Frequency

*Target Minimum Frequency 59.6 59.3 58.5 Hz
Contingency Protection

Criteria 4500 2750 1700 MW
**Base Obligation 1125 229 113 MW/0.1Hz
Interconnection FRO

(includes 25% Reliability

Margin) 1406 286 141 MW/0.1Hz

Balancing Authority Obligation

Peak Gene:. + Peak Load:.
Peak Genint + Peak Loadit

FRQOs = FROmnt X

& California ISO Slide 71
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Analysis of 2018 high load sensitivity indicated
potential for shortage as a result of OTC retirement

Case Assumptions Differences
2018 Sensitivity 2018 Senstivity-
2020 LTPP (Developed from 2018 LTPP 2018 LTPP 2020 LTPP-
Assumptions 2020 Case) Assumptions Assumptions 2018 Senstivity

CPUC-LTPP High Load Scenario (MW) (MW) (MW) (MW) (MW)
Demand
CAISO Demand Forecast 62,324 62,324 60,754 1,570

Incremental Energy Efficiency (EE) 5,688 5,688 4,167 1,521
Load Net EE 56,636 56,636 56,587 49

Demand Response (DR) 5,145 5,145 5,051 94

Demand Side CHP 819 819 655 164
Load net (EE, DR, CHP) 50,672 50,672 50,881 (209)
Supply (incremental/decremental)
oTC 19,292 19,292 19,292 _ -

OTC Retirement 12,079 8,099 8,099 - 3,980
OTC Net OTC Retirements 7,213 11,193 11,193 - (3,980)
RPS Additions (Note 1) 6,049 Im 1 | 11,118'I 4,118 - 1,931
Other Additions 2,797 2,797 2,797 - -
Total Supply Changes 16,059 18,108 18,108 - (2,049)
Flexibility
HE15 Load Following Requirements 2,935 2,827 N/A N/A 108
Upward A/S and load following shortages | [Note 3 13,266 2,535 N/A N/A 731
Need (Note 2) 4,600 | [™te2 | 3570] N/A N/A 1,030

Note 1: Renewable production in 2020 scenario was adjusted to reflect expected 2018 RPS capacity

Note 2: The need of in the 2018 senstivity was estimated based on the quantity of shortage observed and 2020 observed shortages and
needs (2,535MW x 4,600MW/3,266MW = 3,570MW)

Note 3: 2020 shortages occur both load following and non-spin

9 California ISO Slide 73
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Where We Have Been

e CAISO has been using PLEXOS to estimate need for
new resources to integrate renewables
— Develop detailed data inputs for hourly production simulation
* Loads, renewable profiles, etc.
* Regulation and Load Following Requirements (Step 1)
* Import capabilities
— Run PLEXQOS to simulate hourly production

— Log “violation” when resource stack is insufficient to meet load,
reserve, regulation and LFU requirements

— Add resources until no more violations

“2 CO[iFﬁr.pjgeLSQ Slide 75



Where We Are Now

e CAISO is now proposing to supplement our modeling
with a different type of analysis to address those factors
unrelated to integration need, as a new step in the
process

— Reliability modeling that calculates Loss of Load Probability
(LOLP) and Loss of Load Expectation (LOLE)

— PG&E and E3 have been developing models to conduct this
analysis

— CAISO has also developed a stochastic analysis approach that
to test simultaneous ramping capability

— CAISO has not yet decided which model to use in this case

“} CO[iF&fﬂng&g Slide 76



Two Types of Renewable Integration Need

1. Capacity Need:

— Resources needed to serve load reliably using traditional
reliability metrics such as Planning Reserve Margin (PRM) and
Loss of Load Expectation (LOLE)

2. Flexibility need:

— Resources needed to meet 10-minute, 20-minute and hourly
ramp requirements

@ California ISO - Slide 77



CAISO Proposed New Approach

Previous Methodology

Loads, gen. Step 1: Calculate Step 2: Test for

profiles, hourly flexibility violations in
imports, etc. reserve requirement PLEXOS

Current Proposal

Loads, gen. Step 1. Calculate Step 2: Develop

profiles, hourly flexibility base system need Capacity

Need

imports, etc. reserve requirement using LOLP

Step 3. Test for
flexibility within
base portfolio

Flexibility
Need

& Clifornia ISO Slide 78




Step 1 of Proposed New Approach

o (Calculate Regulation and Load Following Requirements
associated with variability and uncertainty of load, wind
and solar for each resource portfolio

« Unchanged from previous approach

G COIiF?MergEVLSFQ Slide 79



Step 2 of Proposed New Approach

e Conduct LOLP modeling to determine need for new
capacity to meet a reliability standard of 1-day-in-10-
years

— Calibrate model to reflect 17% PRM under All-Gas Case

— For each portfolio, calculate change to PRM needed to achieve
same reliability as All-Gas Case

» Expected renewable production will be different from NQC

* Incremental increase in Reg. and LFU requirements due to
renewable penetration

— Add resources as needed to meet the updated PRM to reflect
changes from All-Gas case

“2 CO[iFﬁr.pjgeLSQ Slide 80



Step 3 of Proposed New Approach

Test for flexibility within portfolio that comes from Step 2
— Includes any resources added to meet reliability standard

* Need for ramping capability is not the same thing as need for new
resources

— Conversion of existing resources to something more flexible could solve
a ramping problem without changing the PRM

« Stochastic component estimates the probability of having a ramping
capacity shortage based on distribution of hourly ramps

— Within-hour ramps also assessed through incorporation of Step 1
results

PLEXOS runs to test operability of portfolio that comes from Step 3

“2 CO[iFﬁr.pjgeLSQ Slide 81



Stochastic Simulation

e Purpose

— To incorporate uncertainties in key input assumptions in
determining need for capacity

 Scope
— May apply to all cases
— May be used together with Plexos simulation

e Study Approach
— Probabilistic simulation
— Loss of Load Probability (LOLP)
— Assess probability of flexibility shortage

% Ca|if§)hur|:1jgewle§g Slide 82
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Flexibility needs analysis bridges planning and
operational needs Step 3: Flexibilty

A EWSTS

Step2 + Step 1

Step 2: LOLP

Flexible>

Regulation and

Capacity / Energy FoEG] Follosig Flexibility of the

Value Fleet

15%-17%PRM — (Nnocvs. ELCC) 3% Reserves

Capacity

Forecast Demand | Forecast Demand Forecast Demand Forecast Demand

©
S
O
Capacity Analysis Flex. Analysis %
o7
Planning Operational
California I1ISO Re“ablllty Slide 83
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Energy+Environmental Economics

Step 2:
E3 ELCC Model

CPUC Workshop

June 4, 2012

Arne Olson, E3




Two Types of Renewable

Integration Need

1. Capacity Need:

e Resources needed to serve load reliably using traditional
reliability metrics such as Planning Reserve Margin (PRM)
and Loss of Load Expectation (LOLE)

2. Flexibility need:

e Resources needed to meet 10-minute, 20-minute and
hourly ramp requirements

86
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@ Step 2: Capacity Need

+ Capacity need divided into two categories

e Conventional capacity need: resources needed to
achieve a 17% PRM

o Capacity need due to renewables: resources needed
above PRM to achieve equivalent reliability as the All-Gas
Case Benchmark

+ Two different tools used to determine need

e Conventional capacity need: PRM Calculator

o Capacity need due to renewables: E3 ELCC Model

87
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@ Step 2a: Conventional Capaaty y
Need

+ Calculate reserve margin for each scenario

+ Add resources until reserve margin = 17%

+ Conventional Capacity Need = MW of resources
added

88
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@ Step 2b: Capacity need due to

renewables

+ Conduct LOLP modeling to determine need for new
capacity to meet a reliability standard of 1-day-in-10-years

e Calibrate model to reflect 17% Target PRM (TPRM) under All-Gas Case
by adjusting definition of 1-day-in-10 year Loss of Load Expectation

e Alternate case calibrated to ~25% Target PRM to reflect today’s reliability

* For each portfolio, calculate resources needed above PRM to achieve
same reliability as All-Gas Case (if any)

o Expected renewable production will be different from NQC

e Incremental increase in Reg. and LFU requirements

e Add resources to meet PRM plus Above-PRM needs

+ Capacity need due to renewables = MW of resources added

89
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@ Step 2 Details

Initial All-Gas
Portfolio

v

Add resources to
meet 17% PRM

Initial
Trajectory
Portfolio

v

Add resources to
meet 17% PRM

(if needed) (if needed)
Calibrate Model to Define LOLE
All-Gas TPRM = benchmark based Tra .(;thl':-la.trePRM
17% on TPRM ] y
v 2
Step 2 All-Gas Step 2 Trajectory
Portfolio Portfolio

[= Peak Load * [= Peak Load *

(1+4TPRM)] (1+TPRM)]

Step 2
Portfolio
To Step 3

Energy+Environmental Economics

Step 2
Portfolio
To Step 3




@ E3 ELCC Model Overview

+ Five-step methodology:

e Step 1: calculate generator outage probability table

o Step 2: calculate hourly net load mean and variance

e Step 3: add reserve requirements for within-hour variability
o Step 4: calculate probability that G < L for 8760 hours

o Step 5: add generation until LOLE = target reliability level

+ Additional useful calculations

e Target Planning Reserve Margin (i.e., reserve margin that
achieves 1-day-in-10-year reliability)

e Renewables Effective Load-Carrying Capability (ELCC) at
various penetration levels

91
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@ Metric Definition

+ Loss of Load Probability (LOLP) is the probability that load
will exceed generation in a given hour

+ Loss of Load Expectation (LOLE) is total number of hours
wherein load exceeds generation. This is calculated as the sum
of all hourly LOLP values during a given time period (e.g., a
calendar year)

+ Effective Load Carrying Capability (ELCC) is the additional
load met by an incremental generator while maintaining the
same level of system reliability

+ Target Planning Reserve Margin (TPRM) is the planning
reserve margin needed to meet a specific reliability standard,
e.g., '1 day in 10 years’

92
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@ E3 ELCC Model Flow Chart

/ Hourly /
load
Hydro / / Hourly /
solar
Thermal Import Hourly /
/ fleet / / I|m|ts / / wmd / Step 1 /

Generator Net Load AnC|II_ary
Module Module Sl
Module
v v v
Outage Net Load Spin, LFU &
Probability Mean & Reg. Up
Table Variance Requirement
v

> LOLP Module |€

]
\ 4 Y Y L 4
(LOLP/LOLE) (Target PRM> (MW of Need> < ELCC )
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&

Loss of Load Probability Occu:fs -
When Generation < Net Load

0.045%

0.040%

0.035%

0.030%

0.025%

0.020%

0.015%

0.010%

0.005%

0.000%

e July 5pm Gross Load

July 5pm Net Load
== Dispatchable Generation & Imports

P\

K

10,000 20,000 30,000 40,000 ,000

000 70,000

\

DN

S A

12 x24 x 2 =
576 Total Distributions

+ The sum of the
overlapping areas for
all time slices gives the
loss of load expectation
for the entire year

Energy+Environmental Economics

0.003%

0.003%

0.002%

0.002%

0.001%

0.001%

0.000%

AN

/Loss of Load Events

N
A
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Unit 1

P1

on (0]

P2, Ry P, P2 UNIL 2

O @

P 1on onff+
P1.,4P2,,

+ The probability of

combinations of
thermal unit forced
outages are calculated
by fully enumerating a
binary outage
probability tree

Energy+Environmental Economics

G (Generation MW P (Probability that
available) exactly G MW available)

1 0 MW Calculated using

outage probability
tree

I 55,000 MW
2 -
E
©
£ =
o
o
0 10,000 20,000 30,000 40,000 50,000 60,000

Available Thermal Capacity (MW)
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@ Net Load Module

+ The net load is gross load minus

expected wind and solar output ;
Loa

e Gross load is represented by a
normal distribution while wind and
solar are accurately represented with
histograms for each ‘hour-month’

e 1in 5 loads are mapped to a
separate wind histogram to capture
wind-load correlation

e Makes maximum use of all available
data

+ Net load shapes are calculated
for 576 annual time periods

e 24 x 12 x 2: 24 hours per day, 12
months, 2 day types (workday vs.
weekend/holiday)

U IIIIIIIIIIIII

Energy+Environmental Economics

Data Availability

Solar
Solar PV |Thermal

x

Wind

X XX X |IX|X|X|X X|X X X X X X

X
X
X
X
X
X
X
X
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@ Ancillary Service Module

+ System operator procures reserves to avoid problems
within the hour

+ Three types of reserves:

e Contingency reserve: needed to avoid firm load curtailment under
Stage 3 emergency

e Regulation reserve: needed to capture within-hour net load
variability

* Load following up: needed to avoid lost load due to net load
forecast errors

+ Model Implementation:
e Model assumes 3% of load for spinning reserve

e Net load is grossed up by the 95t percentile of Step 1 regulation
and LFU

e Multiple other options were explored. The impact on the results of
alternative analytical methods was minor while the increase in model

complexity was significant. Thus, these methods were not implemented.

Energy+Environmental Economics
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@ LOLP Module

+ LOLP Model compares Net Load levels to generator
outage table and calculates reliability metrics

e PRM, LOLE, TPRM, ELCC, Need

+ For high renewables cases, need is defined as the
change in PRM due to renewables for a given
reliability level

e (Calculate TPRM for All-Gas Case first, then look at change in
TPRM from addition of renewables while maintaining
reliability

98
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Energy+Environmental Economics

Thank You!

Energy and Environmental Economics, Inc. (E3)
101 Montgomery Street, Suite 1600

San Francisco, CA 94104

Tel 415-391-5100

Web

Arne Olson, Partner (

Nick Schlag, Consultant (

Andrew DeBenedictis, Senior Associate (
Ryan Jones, Associate (
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A Stochastic Model for Analyzing
Ramping Capacity Sufficiency

Shucheng Liu, Ph.D.
Principal, Market Development




A stochastic model is needed to assess the probability
of upward ramping capacity sufficiency.

« A deterministic production simulation case adopts only
one of the many possible combinations of input
assumptions

« A stochastic model can evaluate various input
combinations based on probability distributions and
correlations among the stochastic input variables

 Monte Carlo simulation determines the probability of
having a ramping capacity shortage

e It complements the deterministic production simulation

‘;% COIiFﬁr.pjgeLSQ Slide 101



Avallable ramping capacity depends on the balance of
supply and demand.

Variable

Cost Supply curve is constructed based on
variable cost of each generation unit
($/MWh) g :
: Capacity that
— may qualify for
| ramping capacity
Renewable Supply Curve
Generation
Uncertainty
» i _J ! Load
B 1 \ < Uncertainty
1 L} - |
MW
‘3 Ca|if?rnia |§O Slide 102
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Uncertainties in supply and demand affect availability
of ramping capacity.

Variable
Cost
($/MWh)

B iferni
& California ISO

e o e e e -

Renewable
Generation
Uncertainty

A

L 1
;!
I

! Load

MW

Capacity that
may qualify for
ramping capacity

' Uncertainty
1
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Avallable ramping capacity of each generation unit is
determined based on the following factors:

 Maximum and minimum capacity

« Unit availablility (due to forced and maintenance outages)
e Dispatch level

« Ramp rate

 Ramp time allowed (10 or 20 minutes)

% COIiF?MEQjSELSFQ Slide 104



Ramping capacity shortage may occur due to
variations in both availability and requirement.

MW
Available I

20-min Reg—Up &

Ramping Contingency
Capacity Reserve &

Load Following
Requirement

Available l
10-min Reg-Up &
Ramping Contingency
Capacity Reserve
Requirement
- Range of variation due to uncertainty
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This stochastic model considers uncertainties in some
of the key inputs, including:

e Load forecast
* Inter-hour energy ramp
 Requirements for regulation-up and load following-up

« Generation by wind, solar, and hydro resources

« Availability of generation units (due to forced and
maintenance outages)

G COIiF?MergEVLSFQ Slide 106



The model is developed for a time period in which all
hours have similar conditions.

e NO unit commitment

* No chronologic constraint (such as min run time and min
down time, etc.)

* Independent with identical probability distribution
functions for each hour in the period

* Probability of ramping capacity shortage for each hour
determined through Monte Carlo simulations

* Probability of ramping capacity shortage in the whole
year calculated based on Binomial distribution

‘;% COIiFﬁr.pjgeLSQ Slide 107



Probability distributions are fitted based on data from
the Plexos production simulation model.

 Hourly load forecast

* Hourly inter-hour load ramp

 Hourly regulation and load following-up requirement

e Hourly wind, solar, and hydro generation

« Uniform distribution functions based on generation unit
forced and maintenance outage rates

G COIiF?MergEVLSFQ Slide 108



Inter-hour load ramp is calculated based on hourly
load forecast.

Load

» Upward direction
only

» A new stochastic
variable

» Met by 60-min
ramping
capability

» A part of load

Inter-Hour Load Ramp -}-__-

-1t Hour

Inter-Hour Ramp, = max(0, Load, — Load, _,)
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These are examples of the fitted probability distribution
functions.

Fit Comparison for Total CA Load
RiskBetaGeneral(1.5122,1.5704,36266,70059)

38,935 69,949
5.0% 95.0%
3.8% 96.2%

Exploring the probability to have
6 1-in-2 load higher than 1-in-2 forecast
forecast B_Ri

5 Minimum  36,429.66
Maximum  69,948.41
By Mean 52,846.29
§4 Stabev 540900 Fit Comparison for CA Load Extended
alues
x ! RiskBetaGeneral(1.9596,2.7721,35699,77352)
if" 3 === BetaGeneral 38935 69,949
2 oY 5.0% 94.1%
inimum ,266.
Maximum  70,059.00 7 3.1% 94.2%
2 Mean 52,843.49
StdDev  8,360.86
6
1 A
1-in-2
s forecast [_Bia
0 Minimum  36,429.66
S S s S S s S S s S Maximum  76,569.35
U U <L U U =3 U U <L U L Mean 53,035.74
@ g 2 ] @ 8 3 R R 8 $ 4 StdDev  8,593.85
- Values 636
>
6
=23 == BetaGeneral
5] T
Minimum  35,699.00
Maximum 77,352.00
2 Mean 52,949.29
StdDev  8,569.90
1 1-in-10
forecast
0

35,000
40,000
45,000
50,000
55,000
60,000
65,000
70,000
75,000
80,000
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Examples of the fitted probability distribution functions.
(cont.)

Fit Comparison for Energy Ramp
RiskBetaGeneral(2.3461,2.0528,-2370.8,3152.5)
-1,497 2,348

. Input

Minimum  -2,201.00
Maximum  3,068.00

Mean 581.93 ) .
StdDev  1,181.68 Fit Comparison for Total LFU
Values 630

RiskGamma(54.190,39.996, RiskShift(98.588))

Values x 10”-4

1801 2767

== BetaGeneral
_ 5.0% 90.0%
fmmum - 2.370.90 90.0% [ 52%  §
Maximum  3,152.50 0.0016
Mean 574.99
Std Dev 1,185.90

0.0014

0.0012

. Input

Minimum  1350.4400

§ § § § § § § 0.0010 Maximum  3492.3600
- ~ = = I~ P < Mean 2265.9731
' v ' Std Dev 295.3382
Values 630
0.0008
m— Gamma
0.0006 Minimum 98.5880
Maximum +00
Mean 2265.9712
0.0004 StdDev  294.4260
0.0002
0.0000
o o o o o o
1=} =3 S 1=} 1=} =3
o wn o n (=3 wn
— i N o~ [} [}
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Examples of the fitted probability distribution functions.
(cont.)

Fit Comparison for Total RegU
RiskLogLogistic(354.15,383.65,9.9920)

645 880
5.0% 90.0% 5.0% |
90.0% 4.1% +
0.009
0.008
0.007
. Input
0.006 Minimum  506.1000
' Maximum 1172.3400
Mean 746.1442 . .
0.005 StdDev  77.5920 Fit Comparison for Hydro Gen
Values 630 RiskBetaGeneral(16.221,1.9444,-7509.4,7572.3)

3169 6993

0.004 = |0gLogistic

Minimum  354.1500
Maximum +00
Mean 744.1946
Std Dev 72.2464

0.003

0.002

0.001

. Input

Minimum  1275.9663
Maximum  7500.7600
Mean 5975.4646
Std Dev 1214.3980
Values 630

0.000

400
500
600
700
800
900
1000
1100
1200

=== BetaGeneral

Values x 10”-4

Minimum  -7509.4000
Maximum  7572.3000
Mean 5957.9751
Std Dev 1065.0696

1000
2000
3000
4000
5000
6000
7000
8000
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Examples of the fitted probability distribution functions.
(cont.)

Fit Comparison for Wind Gen
RiskInvGauss(2611.5,10804.9,RiskShift(-489.50))
647 4774

. Input

Minimum  197.6900
Maximum  6509.0300
Mean 2121.9544
Std Dev  1245.0564
Values 630 . .
Fit Comparison for Solar Gen
== InVGauss RiskBetaGeneral(6.3810,1.1541,-2999.5,9688.9)

Minimum  -489.5000 4236 9454
Maximum +00
Mean 2122.0000
Std Dev  1283.8807

Values x 10”-4

¥
N
N
N
\
y
:
N

&
o . Input
=} o =} =} =} =} =} o o e
§ § § § § § § § Mlnl.mum 2491.6537
' Maximum ~ 9688.6904
Mean 7751.9740
Std Dev 1620.0039
Values 630

=== BetaGeneral

Values x 10”-4

Minimum  -2999.5000
Maximum  9688.9000
Mean 7745.5041
Std Dev 1564.1544

o o (=3 [=3 o o (=3 (=3 o
=] =] o = =] =] o o =]
=} =} o =] =3 =] o = o
— 3% ™ <+ n © ~ @ =

10000
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Correlations among the stochastic variables are

Load wind Solar Hydro
Load 4 RegU | LFU

Ramp Gen Gen Gen
Load 1 0.2884 | -0.0947 | -0.1997 | 0.4302 0.3801 0.0722
Load | g0, 1 03782 | 06156 | 00779 | 0.2064 | -0.3193
Ramp
Wind -0.0947 | -0.3782 1 -0.1618 | 0.2855 | -0.0108 | 0.0609
Solar -0.1997 | 0.6156 | -0.1618 1 0.0254 | -0.1101 | -0.5064
Hydro 0.4302 0.0779 0.2855 0.0254 1 0.3094 | -0.1283
RegU 0.3801 0.2064 | -0.0108 | -0.1101 | 0.3094 1 0.1415
LFU 0.0722 | -0.3193 | 0.0609 | -0.5064 | -0.1283 | 0.1415 1

This is an example of correlation matrix
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Generation units In the stochastic model have the
following characteristics from the Plexos model.

 From input data
— Maximum and minimum capacity
— Ramp rate
— Forced outage and maintenance outage rates

 From Plexos simulation results
— Average generation cost (to determine an initial dispatch order)
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Generation unit availabllity is stochastically
determined.

 Forced and maintenance outages are determined
Independently for each generation unit

« Each of the outages is determined based on the unit’s
outage rate and a draw using a uniform distribution
function

A maintenance outage allocation factor is applied to
represent the seasonal pattern of maintenance

e The unit is unavailable when any one of the outages
occurs
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Contributions of a generation unit to meet energy and
ramping capacity requirements are subject to:

10-min upward ramping capacity constraint
AS < min(10x RampRate , MaxCap, —MinCap, )

20-min upward ramping capacity constraint
AS + LFU, < min(20x RampRate , MaxCap, — MinCap, )

60-min upward ramping capacity constraint
AS + LFU, + LdRamp. < min(60x RampRate , MaxCap. — MinCap.)

Maximum capacity constraint
E + AS + LFU, + LdRamp, < MaxCap

E — energy dispatch AS - upward ancillary servicecontribution
LFU, —load following up contribution LdRamp, — inter — hourloadrampcontribution
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The model seeks a least-cost solution to meet energy
and all ramping capacity requirements.

e (Generation units are dispatched economically to meet
load first

 Remaining qualified ramping capacity is used to meet
upward ancillary service, load following, and inter-hour
load ramp requirements

e Dispatch and ramping capacity are co-optimized when
there is a ramping capacity shortage initially
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Monte Carlo simulation produces probabillistic results.

 Monte Carlo simulation is conducted using this
stochastic model

« The simulation results are presented in a probability
distribution format

 The key results are the probability to have ramping
capacity shortage each hour and the probabilistic
distribution of the volume of the shortages
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This example has a 0.8% probability to have 20-min
ramping capacity shortage each hour.

20-min Ramping Capacity Sufficiency
-4,661 -1

0.8% 99.2% |
0.254 ]
0.20 -
20-min Ramping Capacity
Sufficiency
0.151 —
Minimum -4,660.87
Maximum 7,267.15
0.10 - - Mean 1,400.35
Std Dev 1,158.94
Values 5000
0.05 -
0.00 T
= o = o = o = o
o o o o o = o
o = o o = o o
© < o~ o~ < © 0
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The highest 20-min ramping capacity shortage is
4,661 MW In this example.

20-min Ramping Capacity Shortage

105 4,661
100.0%
0.14 4
0.12 1
1 20-min Ramping Capacity
0.10 1 Shortage
0.08 - Minimum 105.39
Maximum 4,660.87
0.06 1 - Mean 1,331.02
Std Dev 1,142.42
1 Values 39/ 5000
0.04 Filtered 4961
0.02 IJ I : II
0.00 T T
o o o o o o o o o o o
o o o o o o o o o o
n o n o n o n o n o
— - ~ M ™ < <
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The probability to have 10-min ramping capacity
shortage each hour is 0.1%.

% California I1ISO

0.08 1

0.06 1

0.04 1

0.02 1

0.00

10-min Ramping Capacity Sufficiency

99.9%

-2,180 -1
0.1%
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10-min Ramping Capacity

Sufficiency
Minimum -2,179.62
Maximum 5,262.96
Mean 1,618.69
Std Dev 649.86
Values 5000

10-min Ramping Capacity Shortage

10-min Ramping Capacity

219 2,180
100.0%
0.35 1
0.30
0.25 1 Shortage
0.20 - Minimum
Maximum
0.15 1 Mean
Std Dev
~ Values
0.101 Filtered
0.05 1
0.00
o o o o o o o o o o o
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2,179.62
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6/ 5000
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The Monte Carlo simulation results for all periods are
summarized as follows:

Example Case

Super-Peak Summer Off-Peak
10-min 20-min 10-min 20-min
# of Hours in the Period 630 630 2298 2298
Probability of Shortage 0.12% 0.78% 0.04% 0.16%
Max Shortage (MW) 2,180 4,661 1,420 3,855

B~ il
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The cumulative probabilities of ramping capacity
shortage are calculated using Binomial distribution.

Example Case
i 10-min 20-min
1 81.3% 100.0%
2 49.9% 99.8%
3 23.6% 99.1%
4 8.9% 97.2%
5 2.8% 93.0%
6 0.7% 85.8%
7 0.2% 75.4% . -
3 0.0% 62.7% Itis the probaplllty to hgve at
9 0.0% 49.0% least |.hours with rfamplng
10 0.0% 35.9% capacity shortage in year 2020.
11 0.0% 24.6%
12 0.0% 15.9%
13 0.0% 9.6%
14 0.0% 5.5%
15 0.0% 2.9%
16 0.0% 1.5%
17 0.0% 0.7%
18 0.0% 0.3%
19 0.0% 0.1%
20 0.0% 0.1%
21 0.0% 0.0%
22 0.0% 0.0%
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Expected number of hours with ramping capacity
shortage in 2020 are calculated based on the
probabilities.

Example Case

10-min 20-min
1.68 8.59
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Co-optimization re-dispatches resources to free up
more flexible resources when needed.

e In each iteration generation units are first dispatched
based on capacity stacked up by cost

 Ramping capacity from remaining units is used to meet
all upward ramping capacity requirements

« Dispatch and ramping capacity are co-optimized when
there is a ramping capacity shortage initially

o Co-optimization finds a least-cost solution to meet
requirements for energy and all upward ramping capacity

e Shortage occurs in ramping capacity when supply is
Insufficient
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Probability of ramping capacity shortage is much lower
with co-optimization in the Monte Carlo simulation.

20-min Ramping CapaC|ty Sufficiency

-6,517
0.0% 49.4% 50.6% |
0.06 =
%
0.05 1
20-min R ing C i .
0.04 : Sortcieny T PR Left — High-Load case Super-Peak
Minimum 6,517.40 period without co-optimization
0.03 1 Maximum 5,210.85
Mean -50.62
0.02 1 Std Dev 2,036.42
Values 5000
0.01 1
0.00 20-min Ramplng Capacity Sufficiency
g8 8 8 8 ° 8 8 8 A
: 2 3 3 3 3 3
. . 0.25
0.20 -
20-min Ramping Capacity
Sufficiency
0-151 Minimurm -4,660.87
Maximum 7,267.15
0.10 1 Mean 1,400.35
Right — with co-optimization in e Dev R
simulation 0.05
0.00 .
o o o o o o o
3 8 =] 8 =] 8 =]
) < N ~ <+ © )
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Commercial software is used to develop the model
and conduct Monte Carlo simulations.

Palisade Decision Tools Suite
http://www.palisade.com/

Frontline Risk Solver Platform for Excel
http://solver.com/platform/risk-solver-platform.htm
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Next Steps: Test operational robustness of underlying
assumptions

o Assess alternatives for meeting residual needs
e Test underlying assumptions regarding

« Perform additional analysis testing robustness of
assumptions
— Demand Response
— Energy Efficiency
— Load forecast
— Outage / Maintenance rates
— Import / Export limitations
— Renewable online schedule
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Next Steps: Develop method for studying alternative to

meeting needs

 Purpose:
— Determine if shortages can be resolved using energy or ramping
capability.
« Additional energy may free up flexible resource capability
* If insufficient ramping, then ramping may be needed

— After consideration of local resources, if residual shortage needs are
identified test different solutions for meeting residual needs:

Ramping Solutions Energy Solutions

Peaker Peaker

CCGT (40%-60% of Capability) CCGT

Storage Additional demand response
Dispatchable dynamic import Energy Efficiency

Hydro (not run of river, not in spill) Imports

Other ramping technologies Other ramping solutions

— Assess feasibility of alternative solutions

— Leverage EPRI/NREL work to the extent possible
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Additional Assumptions for
Operating Flexibility Analysis

June 4, 2012 LTPP Track 2 Workshop



Contents

« Study year (which year or years to study?)
* Weather Uncertainty

* Flexibility Requirements

* Flexibility Metrics and Targets

* Imports/Exports
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Weather uncertainty

 Why consider weather uncertainty?

— To test the system’s adequacy to meet the desired reliability
target (e.g., outages occur <1 day in 10 years)

— Past studies considered normal weather year (2005) only

— Stochastic approach tests system adequacy under different
weather years

e How to represent weather uncertainty?
— At least three weather years with associated probabilities

— Different load/wind/solar profiles for different weather years

» Use historical profiles if possible; otherwise simulated profiles

— Consider estimating regulation and load following requirements
for different weather years

— Estimate resource need to meet reliability target by weather year
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Flexibility requirements

eul:

Flexibility requirements cover variability and fore cast uncertainty of
load/wind/solar for different time intervals corres ponding to commitment/dispatch
decisions

— Regulation requirements: 5-10 minutes forecast window (AGC)

— Load following requirements: one hour forecast window (intra-hour)

— Long-start resource commitment: several hours window (day-ahead or intra-day)
Forecast error assumptions  (Summer 2020 Standard deviation, MW or % of installed capacity

— Load: 1002 MW (current assumption)

— Wind: Historic 8.9% (2010 PIRP); Study range: 2.3% to 7.1% (3.8% current assumption)

— Solar Thermal*: Historic not available; Study range: 8.7% to 13.8% (10.9% current)

— Large PV*: Historic not available; Study range: 5.5% to 8.3% (6.9% current assumption)
Forecast window assumption

— Current load following requirement assumptions cover hour ahead uncertainty only

— Additional load following or unit comment is needed to cover deviations over the time needed for
long-start unit (e.g., a typical combined cycle unit requires 4-5 hours for cold start)

Representation of regulation and load forecast requ iIrements
— Deterministic 95% highest values
— Deterministic hourly values
— Stochastic values

134
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Current reliability metrics and targets

« Current electric supply metrics and targets are bas ed on traditional reliability
concepts, and do not address flexibility

« Assumptions needed to operationalize traditional re liability metrics/target:
— Interpretation of 1 day in 10 LOLE reliability target
* A day with > 1 hours of curtailment
* A day with > 8 hours of curtailment
e 24 hours of curtailment
— Minimum operating reserves before curtailing firm load
« Stage 3 (rolling curtailments) occur when operating reserves < 3%

* Should the Stage 3 threshold increase with increased reliance on intermittent resources to
provide a flexible capacity margin?

Metrics Target
Reliability Loss of load expectation 1 day in 10 year LOLE, or
metrics/target (LOLE or probability of outages) expected outage
Planning Planning Reserve Margin (PRM) 15% to 17% PRM
metrics/target (Margin above 1-in-2 peak,
expressed as % of peak)

HH * A metric is a unit of measurement. 135
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Flexibility metrics and targets

« New flexibility metrics and targets are needed

e Assumptions need to be made about how much of the v ariability and
forecast error or deviations should be covered by r egulation and load

following requirements

— NERC's Control Performance Standard 2 (CPS2) requires balancing authorities
to maintain its 10 minute average area control error (ACE) within a certain band

(=120 MW for CAISO) at least 90% of the time

— Balancing authorities like BPA plan on 99% compliance to ensure they can meet
the 90% minimum CPS2 requirement

Metrics Target

Reliability Loss of load expectation 1 day in 10 year LOLE, or
metrics/target (LOLE or probability of outages) expected outage

Planning Planning Reserve Margin (PRM) 15% to 17% PRM
metrics/target (Margin above 1-in-2 peak,

expressed as % of peak)

Flexibility Possible metric: Coverage of net load Possible target: 90%-99%

metrics/target forecast deviation

(% of forecast deviation covered by available
flexible capacity)

eul:
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Imports/Exports

* Imports can contribute to meet CAISO'’s reliability needs if
transfer capacity and excess resources are availabl e in
neighboring areas

— Currently, the CAISO depends on about 10,000 MW of imports

— 2010 LTPP standard assumptions used 17,000 MW of imports NQC.
CAISO limited imports to ~ 13,000 MW in prior integration studies

» EXports can also help manage over-generation condit lons in
neighboring areas have excess downward flexibility

— Past integration studies showed no over-generation because of
assumed neighboring area's flexibility. This may not be realistic given
today CAISO experiences over-generation

— CAISO is working to improve the representation of neighboring
systems for renewable integration studies
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Next steps

* Propose ranges for additional assumptions used in
renewable integration studies

 |Incorporate additional assumptions into 2012 LTPP
standard planning assumptions and scenarios for

Track 2

eul:
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Conclusion
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Next Steps
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Thank you!
For Additional Information:

WWW.CpucC.Ca.gov
www.GoSolarCalifornia.ca.gov
www.CalPhonelnfo.com
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Environment Constrained Case California Load and
Resource Balance (July 22, 2020)

| M3 | M4 | HIS | HI6 | HI7

Demand (MW)

Load 60,547 62,908 63,755 63,486 61,583
Upward AS 4,306 4,494 4,555 4,489 4,479
LFU 2,155 1,993 2,101 2,012 1,929
Total 67,008 69,396 70,412 69,987 67,991
Supply (MW)
Import 8,143 10,614 11,085 12,560 12,921
Generation 52,404 52,294 52,670 50,926 48,622
Upward AS 4,306 4,494 4,555 4,489 4,479
LFU 2,155 1,993 2,101 2,012 1,929
Total 67,008 69,396 70,412 69,987 67,991
Shortage (MW)
LFU 0 0 0 0 0
Outage (MW) 4,820 4,500 5,093 4,906 4,641
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All-Gas Case California Load and Resource Balance
(July 22, 2020)

| M3 | M4 | HIS | HI6 | HI7

Demand (MW)

Load 60,389 62,744 63,589 63,321 61,422
Upward AS 4,313 4,463 4,442 4,562 4,414
LFU 1,934 2,134 1,880 1,798 2,100
Total 66,636 69,341 69,911 69,681 67,937
Supply (MW)
Import 14,677 14,886 14,886 14,886 14,886
Generation 45,712 47,858 48,703 48,435 46,536
Upward AS 4,313 4,463 4,442 4,562 4,414
LFU 1,934 823 817 838 1,813
Total 66,636 68,031 68,848 68,721 67,650
Shortage (MW)
LFU 0 1,311 1,063 961 287
Outage (MW) 4,820 4,500 5,093 4,906 4,641
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Fleet flexibility serves demand in variety of ways.
Flexible capacity may provide reserve or energy.
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Daily Net Load Pattern
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If variable supply under-delivers, flexible capacity will
need to produce energy to balance the system.
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If general capacity constrained then addltlonal energy from
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any resource can unload needed flexible capacity
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If there Is insufficient flexible capacity then flexible
capacity must be added.

Daily Net Load Pattern Criteria?
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Day Ahead required load following capacity with 95 %
confidence range

Expected Day-Ahead Load Following Capacity Requirements and Availability (12/19/20
26000

24000

22000

20000

Capacity, MW
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14000

T
0OHE 02HE J4HE O6HE O8HE 10HE 12HE 14HE 16HE 18HE 20HE 22HE J0HE
01HE O3HE O5HE O7THE 09HE 11HE 13HE 15HE 17HE 19HE 21HE 23HE

Time

35% Confidence Range = Generation Schedule (Market)

= Actual Generation Reguirements
80% Confidence Range —— Generation Reguirements Forecast
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Required load following capacity with 95 % confidence

Expected Real-Time Load Following Capacily Requirements and Availability
(12/19/2011 8:51:00 AM)
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21200 _ | =
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Load, wind and solar forecast errors used In

existing studies

Load Forecast Error By Season

Season Spring Summer Fall Winter

Hour-Ahead Load Forecast Error (MW) 545.18 636.03 539.69 681.86

Real Time Load Forecast Error (MW) 216.05 288.03 277.38 230.96

Hour-Ahead Wind Forecast Error by Season

Technology Persistent** |Hour Spring Summer Fall Winter

Wind T-1 All 4.0% 3.8% 3.2% 3.1%
**Using aggregated hourly profile (T-1) persistent forecast for wind production to estimate the wind forecast error.

Hour-Ahead Solar Forecast Error by Clearness Index (Cl)

Technology Persistent* |Hour 0<=Cl<0.2 0.2<=CI<0.5 (0.5<=CI<0.8 |0.8<=Cl<=1

Large PV (PV) T-1 Hourl12-16 3.5% 6.9% 5.6% 2.3%
Large Solar Thermal (ST) T-1 Hour12-16 6.0% 10.9% 10.8% 3.0%
Distribute PV (DG) T-1 Hourl12-16 2.2% 4.7% 3.9% 1.8%
Customer Side PV (CPV) T-1 Hour12-16 1.6% 3.3% 3.1% 1.6%

‘;% California I1ISO

Shaping a Renewed Future

* Using the aggregated hourly profile (T-1) persistent forecast for Cl to estimate the Solar forecast error.
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Comparison of maximum and average regulation
up requirements for different combinations of load,
wind and solar --- no errors

Regulation up Requirement- No Errors
Max vs. Average

600 ..............................................................................................................................................................................................................................................................................................................

500

400
=
< 300

200

100

0
L L+S L+W L+W+S

= Max 160 482 306 478
B Average 94 177 217 272
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Comparison of maximum and average regulation
up requirements for different combinations of load,
wind and solar --- with errors

Regulation up Requirement - With Errors
Max vs. Average

1’200 .......................................................................................................................
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800
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B Average 778 808 822 852
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Maximum regulation up requirements for different
combinations of load, wind and solar — with &
without errors

Maximum Regulation up Requirement
With & Without Errors
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® \With Errors 828 1,089 916 1,026
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Average regulation up requirements for different
combinations of load, wind and solar — with &
without errors

Average Regulation up Requirement
With & Without Errors
900
800
700
600
500
2
400
300
200
100
0
L+S
= No Errors 94 177 217 272
® With Errors 778 808 822 852

Trajectory Case
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Comparison of maximum and average load
following up requirements for different
combinations of load, wind and solar --- no errors

Load Following up Requirement - No Errors
Max vs. Average

1’800 .....................................................................................................................

1,600

1,400

1,200

1,000

MW

800

600

400

200

L+S

= Max 1,674 1,651 1,703 1,681
H Average 823 781 917 809

Trajectory Case
& California ISO Sdide 856



Comparison of maximum and average load
following up requirements for different
combinations of load, wind and solar --- with errors

Load Following up Requirement - With Errors
Max vs. Average

3’500 ........ e e eeeeeeeeee e ee e e A s A R A R AR 8RR AR AR AR RRRRREeaeEeaennnennneeee e enannnnenn e e e e e e s e

3,000

2,500

2,000

MW

1,500

1,000

500

L+S
B Max 3,027 3,027 3,123 3,210
B Average 2,350 2,444 2,663 2,769

Trajectory Case
& California 15O Side 857



Maximum load following up requirements for
different combinations of load, wind and solar —
with & without errors

Maximum Load Following up Requirement
With & Without Errors

3,500

3,000

2,500

2,000

MW

1,500

1,000

500

L+S

L+W

L+W+S

= No Errors

1,674

1,651

1,703

1,681

® \With Errors

3,027

3,027

3,123

3,210

B~ il
& California ISO

Trajectory Case
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Average load following up requirements for different
combinations of load, wind and solar — with &
without errors

Average Load Following up Requirement

With & Without Errors
3,000
2,500
2,000
=
= 1,500
1,000
500
L L+S L+W L+W+S
B Seriesl 823 781 917 809
B Series2 2,350 2,444 2,663 2,769

B~ il
& California ISO

Trajectory Case
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Maximum load following up requirements for
different combinations of load, wind and solar —
with & without errors

Load Following Requirements - 2020 Trajectory Case
With and Without Load Forecast Errors (Load Only)

3,200
3,000
2,300
2,600
2,400
2,200
2000 R B8-B-F-4B84888B3000-000-0-0-0-00R%
1800 4148804040000t 00000-R0800R
1,400 4
1200 |-
1,000 |-

800 4B

400 -
200 -

MW

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

No Errors: Load HA & RT errors= 0; Solar HA errors =0 )
With Errors: Load HA & RT errors shown in Table ¥ No Errors W With Errors

Trajectory Case
& California 15O Sife 160



Hourly load following up requirement for the
Trajectory scenario

Hourly Load Following Up Requirements
Summer 2020 - 33% Trajectory

4,400

4,000

3,600

3,200 |

2,800

2,400

MW

2,000 |
1,600 |
1,200
800 |
400 |

0

mTrajectory (High Errors)| 3,229 | 3,209 | 2,934 | 2,913 | 3,363 | 3,252 | 3,180 3,798 | 3,827 | 3,029 | 3,072 | 3,091 | 3,627 | 3,275 4,183 3,927 | 3,707 | 3,761 | 3,163 | 3,243 | 3,509 | 3,546 | 3,128 | 3,229
=Trajectory (LowErrors) | 2,288 | 2,264 | 2,189 | 2,354 | 2,343 | 2,409 | 2,521 2,728 | 2,573 | 2,342 | 2,551 | 2,394 | 2,710| 2,428 | 2,831 | 2,579 | 2,538 | 2,556 | 2,643 | 2,495 | 2,903 | 3,043 | 2,762 | 2,581
=Difference 941 | 944 | 745 | 559 |1,021| 842 | 659 |1,071(1,254| 687 | 521 | 696 | 917 | 847 |1,352|1,348|1,169|1,205| 520 | 748 | 606 | 503 | 366 | 648
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Shaping a Renewed Future



Hourly load following up requirement comparison
for the High Load scenario

Hourly Load Following Up Requirements
Summer 2020 - 33% High Load

4,800

4,400

8,000 gl

3,600 |l

3,200 B SN SRS SR NN RO RSN SRS ST SIS SN SN RSN RS SR R RN NSNS TR RN R -

MW

2,400 |1
2,000 |
1,600 |1
1,200 |
800 |
400 |

0

=High Load (High Errors)| 3,454 | 3,450 | 3,141 3,102 | 3,626 | 3,529 | 3,325 | 3,973 | 4,094 | 3,296 | 3,274 | 3,319 | 3,814 | 3,417 | 4,515 | 4,142 | 3,999 | 4,113 | 3,312 | 3,464 | 3,768 | 3,883 | 3,458 | 3,465
=High Load (low Errors) |2,443|2,460|2,373|2,515| 2,551 | 2,657 | 2,672 | 2,849 2,834 | 2,601 | 2,795 2,561 | 2,904 | 2,624 | 3,053 | 2,767 | 2,766 | 2,706 | 2,783 | 2,706 | 3,185 | 3,376 | 3,104 | 2,822
mDifference 1,011| 990 | 768 | 587 |1,075| 873 | 653 |1,124|1,260( 695 | 479 | 758 | 910 | 793 |1,462|1,376|1,233|1,407| 528 | 758 | 584 | 507 | 355 | 643
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“Hourly load following up requirement for the
Trajectory scenario -- high and low forecast errors
and T-1 errors

Hourly Load Following Up Requirements
Summer 2020 - 33% Trajectory

4,400

4,000

3,600

3,200
2,800

MW

2,000 |
1,600 |
1,200 |1

800 |

400 |

0

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24
ETrajectory (High Errors)| 3,229 | 3,209 | 2,934 | 2,913 3,363 | 3,252 3,180| 3,798 | 3,827 | 3,029 | 3,072| 3,091 | 3,627 | 3,275 | 4,183 | 3,927 3,707 | 3,761| 3,163 3,243 | 3,509 | 3,546 | 3,128 | 3,229

"Trajectory (Low Errors) | 2,288 | 2,264 | 2,189 | 2,354 | 2,343 | 2,409| 2,521 | 2,728 | 2,573 | 2,342 | 2,551 | 2,394 | 2,710| 2,428 | 2,831 | 2,579 | 2,538 | 2,556 | 2,643 | 2,495 | 2,903 | 3,043 | 2,762 | 2,581
BT-1ForecastErrors 2,530 2,486 |2,315|2,522| 2,665| 2,631 | 2,686 | 3,086 | 3,015|2,584 | 2,691 | 2,520 2,927 | 2,639 | 3,210 2,924 | 2,990 | 2,851 2,816 | 2,630| 3,033 | 3,114 | 2,864 | 2,714

£ California IS Slide 163
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Hourly load following up requirement for the High
Load scenario - high and low forecast errors and
T-1 errors

Hourly Load Following Up Requirements
Summer 2020 - 33% High Load

4,800

4,400

4,000

3,600

3,200

2,800

MW

2,400 |
2,000 |
1,600 |
1,200 |

800

400

0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
=High Load (High Errors)| 3,454 | 3,450 | 3,141 | 3,102 3,626 | 3,529 | 3,325 3,973 | 4,094 | 3,296 | 3,274 | 3,319 | 3,814 | 3,417 | 4,515 | 4,142 | 3,999 | 4,113 | 3,312 3,464 | 3,768 | 3,883 | 3,458 | 3,465
"High Load (lowErrors) |2,443| 2,460 2,373 |2,515( 2,551 | 2,657 | 2,672 | 2,849 | 2,834 | 2,601 | 2,795| 2,561 | 2,904 | 2,624 | 3,053 | 2,767 | 2,766 | 2,706| 2,783 | 2,706 | 3,185 | 3,376 | 3,104 | 2,822
BT-1ForecastErrors 2,715|2,702|2,487|2,703| 2,902| 2,892 | 2,839 | 3,230 | 3,240 | 2,848 2,921| 2,701 | 3,111| 2,864 | 3,492 | 3,105 | 3,242 | 3,151 | 2,972 | 2,847 | 3,309 | 3,446 | 3,204 | 2,921
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Regulation up actuals vs. simulated (Trajectory Case)

1,100

1,000

900

800

700

600

MW

500

400

300

200

100

Regulation Up - Summer
2010 Actual & 2011 Actual vs. 2020 Simulated Trajec  tory Requirements

® 2010 Actual

m 2011 Actual

WK UL
T
HHLLLLLLLLLD
11} 111}

13

14 15 16 17 18 19 20 21

= 2020 Simulated Trajectory Case

22 23 24
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Regulation up actuals vs. simulated (High Load Case)

Regulation Up - Summer

2010 Actual & 2011 Actual Vs. 2020 Simulated High  Load Requirements

1,100

1,000

900

800

700

600

MW

500

400

300

200

100

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

2010 Actual ®m2011 Actual = 2020 Simulated High Load
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Load Following/Flexibility CapaC|ty actuals vs.
simulated (Trajectory Case)

Load Following/Flexible Capacity Up - Summer
2010 Actual & 2011 Actual vs. 2020 Sumulated Requir ements

4,000

3,600

3,200

2,800

2,400

= 2000

1,600

1,200

800

400

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

————
N

-
w

_—
SN

®2010 Actual ®™2011 Actual ™2020 Simulated
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Load Following/Flexibility CapaC|ty actuals vs.
simulated (High Load Case)

Load Following/Flexible Capacity Up - Summer
2010 Actual & 2011 Actual vs. 2020 Sumulated High L  oad Requirements
4,000
3,600
3,200
2,800
2,400
: Hitii 1
=
2,000
mitstnary 1IERE B
HilL11M11] IIFREE
1,200
800
400
0
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
®m2010 Actual  m2011 Actual w2020 Simulated High Load
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Changes to GHG and coal flexibility modeling
observed increase capacity factor of external Coal
resources.

Selected Flow Change (July 2020)

1,600

1,400

1,200 -

1,000 ~

Fllow (Gwh)_
0
o
<)

600

400

200

O -
BPA_to PG&E VLY PG&E_VLY_to_SCE WALC to SCE SRP to SDGE
M High Load (Original) B High Load (with CO2 changes, flexible coal and WECC A/S reserves)
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